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Abstract. The kinetic parameters of three different molecular forms of urokinase (UK) for 
|||the activation of native Glu-plasminogen were compared. The apparent Michaelis constant 
|||k m , app.) of each UK was almost of the same order of magnitude (3 1-38 jiAf), but the catalytic 
Constants (kc) were observed to be different: UKh (high molecular weight form, molecular 
|yeight 53,000), 2.4 ± 0.2 s _I ; UKi (low molecular weight form, molecular weight 33,000), 
§.83 ± 0.10 S- 1 , and UK t (trypsin-digested form, molecular weight 36,000), 0.91 ±0.18 s* 1 . 
^jThe overall second order rate constant, kc/K m calculated for UKh was 7.7 X 10 4 Af"' s _l , 
|igher than for UK] (2.2 X I0 4 M' x s" 1 ) or UK t (2.4 X 10 4 M~ l s" 1 ), indicating the possibility 
M a much higher degree of enzymatic specificity and efficiency. 
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Introduction 



| Christensen and Mullertz [1] arid Chris- 
Jensen [2] compared the kinetics of urokinase 
!§|UK) in the activation of native Glu-plas- 
fhinogen (Glu-PG) and its partially degraded 
form (Lys-PG), and concluded that the bind- 
ing characteristics (the Michaelis constant, 
K m ) are identical for the two molecules, but 
their catalytic rates (kc) are significantly dif- 
pferent (Lys-PG » Giu-PG). Recently, a few 
llauthors have demonstrated the difference in 
thrombolytic effect and PG activation activ- 
ity by different UK molecules using the fibrin 
plate method [3, 4], Chandler's loop method 



[3], and sodium dodecyl sulfate (SDS) poly- 
acrylamide gel electrophoresis [5]. 

In this report, the kinetic parameters of 
three different molecular forms of UK for the 
activation of native Glu-PG were compared 
in purified systems. 

Materials and Methods 

All materials used were of reagent grade quality. 
The determination methods of protein and UK activi- 
ty, and immunoelectrophoresis were the same as de- 
scribed previously [6, 7], The molecular weight of UK 
was determined using SDS polyacrylamide gel electro- 
phoresis according to the method of Weber and Os- 
born [8]. 
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Fig. 1. SDS polyacrylamidc gel electrophoresis of 
purified UK. Sample diluent consisted of 6.0 mol/l 
urea, 1% SDS and 0.01 mol/l sodium phosphate 
buffer at pH 7.0. a = Reference proteins of bovine 
scrum albumin, egg albumin, chymotrypsinogen A 
and cytochrom c; b = UKh; c = UKi; d = UK t , respec- 
tively. The numbers on the right indicate the molecu- 
lar weight in thousands. 



Urokinase, Three different molecular forms were 
prepared: (I ) UKh, molecular weight 53,000, which is 
assumed to be the native UK form (6, 9-13), was puri- 
fied from a commercial preparation (The Green Cross 
Co.) by affinity chromatography on [N tt -(£-aminoca- 
proyl)-Z)L-homoarginine hexylester]-Sepharose col- 
umn followed by Sephadex G-100 gel filtration, as 
described previously [6 J. (2) UKi, molecular weight 
33,000. which is the modified UK form, was also puri- 
fied by the same method as UKh from a commercial 
preparation (Mochida Pharmaceutical Co.) as de- 
scribed previously [6], (3)UK t , molecular weight 
36,000, which is a trypsin-digested form, was prepared 
from UKh by a method based on that of Lesuk et al. 
111]. 0.2 ml of trypsin (Sigma Chemical Co.: 
0.86ug/ml of 0.05 mol/l Tris-HCI, 0.01 mol/l CaCl 2 , 
pH 8.0) was added to 1.0 ml or UK h (2.0mg/ml of 
0.05 mol/l Tris-HCI, 0.1 mol/l NaCl, 0.01 mol/l 
CaCI>. pH 8.0). After the incubation of this mixture for 
5 h at room temperature, UK l was separated by Se- 
phadex G-100 (Superfine) gel filtration (column: 1.0 
X 160 cm). Elution was performed with 0.1 5 mol/l 



ammonium bicarbonate, 0.2 mol/l NaCl, and with 
that portion which corresponded to the active peak of 
the partition coefficient K av [14) 0.39 was collected. 
Purified preparations were concentrated by ultrafiltra- 
tion (Collodion-bags, SM 13,200) in the presence of 
mannitol (1.0%) and lyophilized. They were observed 
to be homogeneous when subjected to Immunoelectro- 
phoresis [6]. In SDS polyacrylamide gel electrophore- 
sis, UK| and UK t showed a single protein band, but 
UKh showed one main and one minor band (m.w. 
approx. 1 00,000, possibly the dimer form of UKh or of 
another contaminating protein) (fig. 1). The specific 
activities determined by the fibrin plate method [6] 
were: UK h 87,000; UK] 79,900. and UK, 101,000 
international units (IU)/mg of protein, respectively. 

Human Gtu-PG. Purification and determination 
methods were the same as described previously [1,2] 
(>96% Lys-PG as NH 2 -terminal amino acid deter- 
mined qualitatively by the method of Gros and La- 
bouesse [15]). 

Kinetics. The kinetic parameters were determined 
as described by Christensen and Mullertz [1] and 
Christensen [2]. In a solution containing UK, GIu-PG 
and a-N-benzoyl-Z.-arginine ethylester (Bz-Arg-OEt) 
(Sigma Chemical Co.), Glu-PG is converted to plas- 
min, which subsequently hydrolyzes Bz-Arg-OEt. The 
amount of Bz-Arg-OH produced is recorded as a func- 
tion of time and analyzed to give the corresponding 
rate of plasmin formation [1]. According to our data 
(unpublished), 1 mol of UKh. UKj, and UK t contains 
approximately 5.5 X 10", 7.3 X 10", and 7.0 X 10" 
IU, respectively. In all kinetic experiments the buffer 
used was 0.05 mol/l Tris-HCI, 0.1 mol/l NaCI, 
pH 7.8. 



Table 



Results and Discussion 

In table I, the calculated kinetic parame- 
ters of highly purified UK preparation are 
shown. The apparent dissociation constants, 
K m of UKh and UK] were similar (31 ± 8 
and 38 ± 6 \iM) while the catalytic rate con- 
stant, kc, of UKh was approximately 3 times 
greater than that of UK|. All K m values are 
comparable to, but the kc values of UKh are 
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■bonate, 0.2 mol/1 NaCl, and with Table I. Kinetic parameters of three different UKs for Glu-PG activation 

i corresponded to the active peak of filir 1 ~ — 

ficient Kav [14] 0.39 was collected, piprizyme Catalytic Apparent Michaelis Overall rate 

ons were concentrated by ultrafihra- ||§| constant (kc) constant (K m . app.) constant (kc/K m . app .) 

ags, SM 13,200) in the presence of f|!l s ~' M^/ A/~' s _i 

ind lyophilized. They were observed lip ~~ — — ■ ■ 

is when subjected to immunoeleciro- IpKh, molecular weight 53,000 kh = 2.40 ±0.2 Kh = 31 ± 8 7.7 X 10 4 

)S polyacrylamide gel electrophore- §$Kt» molecular weight 33,000 k| = 0.83 ± 0.10 Ki = 38 ± 6 2.2 X [Q* 

: showed a single protein band, but fl§|Ki* molecular weight 36,000 k t =0.91 ±0.18 K t = 38 ± 4 2.4 X 10 4 

main and one minor band (m.w. |||^ — — 

xissibly the dimcr form of UKh or of §t|§ Values were obtained from four determinations for each example. 

lating protein) (fig. I). The specific ll§*- ■ 

ned by the fibrin plate method [6] 

O; UK| 79,900, and UKt 101,000 tit 

s (lUKmg of protein, respectively. ||| nsiderably higher than those of Christensen of UK|. From the overall second order rate 

y G. Purification and determination M; ,„ , * w i * <*r rt . r 

same as described previously [1, 2| f f?HKm = 32 ± 11 \iM t kc = 0.26 ± 0.07 S" 1 ). constant, kc/K m (the fourth column), it may 

is NH 2 -terminal amino acid deter- llfhis may be due to the difference in UK mol- be deduced that the enzymatic efficiency of 

ly by the method of Gros and La- f||culcs used; Christensen used a crude prepa- . UKh in native PG activation is more than 3 

Iration (10,000 Ploug units/mg) and the mo- times greater than that in the degraded forms. 

i llieeular variation was not defined. It is now From the present results and the molecular 
kinetic parameters were determined 

Christensen and MQllertz [lj and Igenerally accepted that UKh with a molecular structures of UK, it can be speculated that the 

i a solution containing UK, Glu-PG l| Weight of about 53,000 is the native form, Might chain* of UKh plays a very important 

L-arginine ethyiester (Bz-Arg-OEt) |||hd UK] with a molecular weight of about role in the activation step of Glu-PG to plas- 

Co.), Glu-PG is converted to plas- Ip^OO is the enzymatically degraded form of min. 

!ohS || Kh & 10 ' l2 ' 13 1' Recentl y : UK * has been In recent years, several UK preparations 

analyzed to give the corresponding li$hown to have two polypeptide chains of a have not only been widely used in the therapy 

»rmation [1]. According to our data plrnolecular weight of 33,000 (heavy chain) and of thromboembolic diseases, but also for en- 

nolofUKh, UKi, and UK t contains pjO.OOO (light chain), linked by disulfide hancement of carcinostatic treatment of ma- 

; x io» 7.3 x io», and 7.0 x io» §^ onds [12 , 16]. The active histidine serine lignant tumors. Native UK may prove to be 

in all kinetic experiments the bufler . . . . j «_ ,v- ■ . . 

Ttol/1 Tris-HCl 0 1 mol/1 NaCl ii^ SIC * uc " as ° een ' oun( * to located in the more effective than degraded UKs in such 

If heavy chain' [12, 17]. On the other hand, therapy. 

llUKi has been proven to be a single polypep- 

Jfude chain by SDS polyacrylamide gel electro- 

||phoresis [12, 16]. Despite the many models References 
Discussion llthat have been proposed, the mechanism of 

llhe molecular change of UK h to UKi either 1 Christensen. U.; Mtillenz. $.: Kinetic studies of 

ii j i * • • - _ • • _ • urokinase-catalyzed conversion of NH r terminal 

ne calculated kinetic parame- gdunng punfication or in vivo, s still not Iysine , p ,asminien toplasmin. Biochim! biophy, 

purified UK preparation are Incompletely understood. In 1967, Lesuk et al. Acta 480: 275-281 (1977). 
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0 while the catalytic rate con- Hated the active molecule, UK t . However, no acid Plasminogen to plasmin. Biochim. biophys. 

. . * * ffII/ . u j • Acta 481: 638-647 (1977). 

C„ was approximately 3 times ^studies of UK t have been reported since. 3 Kilamura M . Chikamori K : Thrombolytic effect 

at of UKi. All K m values are p|: As can be seen in table I, all the kinetic of commercial urokinase (Japanese). Yakkyoku 25: 
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